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DIFFUSER INVESTIGATIONS IN A
SUPEKSONIC WIND TUNNEL

Prepared by:
Jo L. Diggins

ABSTRACT: Some results are presented from the first
tests in a program to determine the most efficient
diffuser configuration for use in a supersonic wind
tunnel., Sufficient data have baen obtained at M 2,48
and il 2,83 to make possible the design of a simple

yoet very efficlent diffuser to be used at these Mach
numbers in a supersonic wind tunnel with a square
cross-gsection., It has been found that a very efficient
tunnel system can be obtained using a simple converging-
diverging, variable~throat diffuser if the diffuser
throat is located at a point approximately 6,7 times
the nozzle exit opening from the nozzle exit. This
diffuser should start at a polnt sppraximately 1.4
times the nozzle exit opening,
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In ttis report some data are presented concerning supersonic wind=-
tunnel diffusers. Utilizing these and subsequent experimental data
will make it pcssible to vastly improve existing installations with
regard to running time and gresily reduce the cost of new test
facilities with regard to pumping equipment. This work was carried
out under ARR-10, Task No, NOL-159 sponsored by the Offica of Naval
Research during the period from September 1949 to Qctober 1950,
Variations of these data in tunnels which are not geometirically
similar to the NOL 18 x 18 cm Aerophysics Tunnel No. 3 have not
been investigated so far. Further data will be obtained at M 1.86
and M 4.82. The investigations were carried out under the direction
of H. He Kuxrzweg, Chief of the Aeroballistics Division of the
Aderoballistics Research Department at the laval Ordnance Laboratory,

W. G. SCHINDLER
Rear Admiral, USN
Commander
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Re J. SEEGER, Chief
heroballistic nesearch Department
By directien
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DIFeORit LiVESTIGATIORS I A
oUl'swORIC WIN TULNEL

INTHUWUCTION

1. lmproving the dusign of diffusers for supersc .
tuenaly can contribute greatly toward reducing the cost of .
tunnel resesrch facilities and improving the efficieucy of « -
ot uxluting installations, The results presented here are vo. - .
couraging and should be considered in all future wind-tunncl o ..

TEST EQUIPAENT

le - Figure 1 shows the NUL 18 x 18 cm berophysics iu.....
N, 3 in which these tests were conducted., Figure 2 1s a sket.:
thio same tuntel showing some of the symbols and nomenclature t. .o
usode The nouzle and diffuser section has a constant widtl or .. .
Yurtous sets of noszles are installed to produce different e . . .
Tho diffuser in this tunnel is of a special design 80 that ti. ...
can be placed at alwmost any point along the entire length of ti . ::
whon the surfaces of the diffuser form straight lines. Once t:.. U
has boon located at some point the opening can be changed duvi: ¢
Tho Jdiffuser section used for the tests described here was ..t
loig with vntrancoe and exit openings 18 om by 18,2 ome Connect::
noszlu o the diffuser sre two removable jet plates 25.4 ca lu. .
tho top and bottom of the tunnel, When these plates are inst.i’
vasentially a closed jet is obtained, while the removal of ti.: .
peoviies a half-open jet. These jet plates are slightly di i .. .
- dowustream. The angle of divergence between the two plaves i: ...
15y ono degrea,

THE DIFFNER PROBLEW

Ja If a pitot probe ia placed in the test section
vi.lergoes an entropy guln in passing through the normal she.
of ths tube but all of the remaining kinatic energy is tran.c..
taoubropically into pressure, l.e., the air ia twought te r.:
fhrehar Loswes, This is the assme task whisch musgt Le perfor..
vonnel by the dirffuser and the transition duct to the sphar: .
flow 18 ostablished, asteady supersonic flow is maintained in tlo (zo.
vetlon until the preasure in the sphere rises to some arit!sc.t .-
The more efficlantly the diffuser funotions, l.e., the highur
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pressure can rise before breakdown of the flow ococurs, the lower will

be the power requirements for a continusus tunnel and the longer will

be the blowing times in an intermittent tunnel., In undergoing the de-
celeration from supe::sonic velocities to rest, the air in the wind
tunnel must pass through a shock system, Since the entroupy gein through
a normal shock increases with the Mach number at which the shook occurs,
every offort should be made in the diffuser to produce this normal shock
at the lowest obtainable Mach number. This allows higher pressures to
occur on the downastream side of the normal shock which in turn mean
higher sphere pressures. In order to do this it is neceassary to produce
in the diffuser oblique shoocks which are reflected and terminate in a
normal shock at a lower Mach number. It has been found that if the
proper combination of oblique skocks and normal shock 1s produced then
the entropy gain through this whole shock system will actually be less
than through a single normal shock occurring at the Mach number of the
test section as is the case ia the pltot probe. To find the best such
combination, while using a simple converging=-diverging flat=-surface
diffuser, is the aim of this program. Practically speaking, finding
this "proper combination® means finding the best location of the
diffuser throat from the nozzle exit in conjunction with the best

throat openings,

TEST PROCEDURE

be To obtain a point on the curves which will be discussed
later this procedure was followed:

(a) The blow valve wes fully opened.,

(b) The diffuser throat was opened sufficiently to
establish supersonic flow in the upstream half
of ths diffuser,

(¢) The diffuser was closed to that particular test-
point setting.

(d) The pressure in the sphere was allowed to rise
slow.y until flow broke down in the test section
as observed with 8chlieren apparatus. At the
moment breskdown occurred the stagnation pressure
in the sphere was measured to an accuracy of + 0,3
mm Hg.

(e) The blow valve was closed and the diffuser throsti
opening was measured to an accuracy of & O,1 mm,

o\
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TERMINOLOGY USED

5 In this report the term, "pressure recovery", is used to
designate the ratio of the pressure in the sphere at the moment flow
breaks down in the test secticn to the pitot pressure in the test
section, In symbols this ratio is expressed as pE/pp or p end over p
pitot. The pitot pressure is used as the basis for comparisons because
the pitot tube is well-known and is also a pressure recovery device
a3 dlscussed above, Actually the value of the pressure recovery changes
continuously during a blow but the values referred to here are always
the values at breakdown as seen from pg. This end value is the highest
value which is obtained during a blow, Another ratio which is used is
the diffuser throat area ratio. This is the ratio of the diffuser
theoat area, Aj, to the nozzle exit area, he The length of the
diffuser is given as l4. pg/po is the ratio of the pressure in the
sphere when flow is established in the tunnel to the supply pressure
which in this tunnel is atmospheric pressure minus the slight pressure
drop which occurs in the drier. The values of Mach number, I, recorded
here are the average values at the nozzle exit,

RESULTS

6. During the first tests a phenomenon was found to occur
in the wind-tunnel diffuser which is similar to the conditions which
exist in a ramjet diffuser, This can best be shown by plotting pressure
recovery, pg/p,, against the diffuser throat area ratio, Aj/h. These
pressure recovgry curves for M 2,48 and It 2,83 are shown in figures
3 and 4. They were obtained using a closed jet with no obstructions
in the tunnel and with the diffuser throat located at 42 percent 1y
from the beginning of the diffuser. & curve similar to this one is
obtained for any location of the diffuser throat. This curve shows
that an optimum value of pressure recovery is obtained at some diffuser
throat opening. However, the tunnel cannot be started with this
arrangement, The diffuser throat must be opened to some larger valus,
raesulting in a lower pressure recovery, in order to establish supersonic
flow in the tunnel, The large increase in pressure recovery which can
be obtained by closing the diffuser throat, once flow ras been estab~
iished, results in a tremendous increase in blowing time. With sphere
pamps inoperative during the blow, the increase in blowing time for
this particular NOL tunnel was calculated to be 50 percent at M 2,48
and 93 percert at il 2.,83. These figures show the defiaite need for a
variable-area diffuser in the supersonic wind tunnel, The pressure
recovery curve was obtained for six different locations of the
diffuser throat at i{ 2.48 and 5 2.83. From each curve an optimum
value of pressure recovery was obtained. Figures 5 end 6 show these
optimum values plotted against the location of the diffuser throat




v

NaVORD Report 1570

in percsnt l4. These curves show that the test location of the diffuser
throat is 42 percent lj from the beginning of the diffuser, This 42
percent corresponds to a posi‘ion 6,7 times the tunnel width from the
nozzle exit., These curves show how important it is to an efficient tunnel
system to know prior to the design of a tunnel where the diffuser throeat
nust be located, Figures 7 and 8 show the pressure recovery curves
obtained using a half-open jet and clear tunnel with the diffuser

thioat at 42 percent lq. Comparing these curves with the closed-jet
curves shows that using the half-open jet the pressure recovery is

not essentially ohanged, It is frequently more convenient to operate
the tunnel with a half-open jet, Other blows were made to determine

the effect of a model on tle values of pressure recovery, Figures 9

and 10 show the results using a 60° cone with a 3 cm base mounted on a
sting in a segment, It can be seen that the model effect is indeed
significant, It should be poinuved cut that this is as large & model

as it is advisable to use in a tunnel of this size, Figures 1l and

12 give the results of data obtained from tests made to determine how
far down the sphere pressure had to be taken in order to establish

flow in the tunnel and at the same time the smallest diffuser throat
openings at which flow could be started. The starting pressures are
given as the ratio of the sphere pressure to supply pressure. It can

be seen that power requirements need only be such as would be necessary
10 produce sphere pressures at the top of the straight line portion

of the curves, The minimum diffuser throat area for starting is given
by the nozzle throat area times the reciprocal of the pitot ratio when
one assumes no boundary layer. A4nalysis of the curves of figures 1l

and 12 indicates that approximately 4 percent should be added at

il 2,48 and 6 percent at ii 2,83 to the theoretical area to take care

of the boundary layer which exists in the diffuser,

COMPARISON OF RESULYS WITH OTHER DATA

7 Figure 13 shows a comparison of NOL diffuser efficiencies
with the best stable walues obtained by Neumann and Lustwerk in reference
(a) for a constant-shape diffuser, A4lso listed are the computed maximum
efficiencies for the constant=shape diffuser using a one~dimensional
analysis, OSince the MIT test data are not awvailable the NOL values of
efficiency,?? s shown have been computed in the MIT manner; namely,

-1
LAl -]
2 V2
M, - g¥RT

X
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These data are presented to give an indication of the savings in power
which are possible using a var~iable-area rather than a constant-shape
diffuser., Neumann and Lustwerk calculated that "if the diffuser
efficiency of a tunnel operating at a ldach rumber of 2,0 is increased
from 80 to 85 percent, the power reyuired to drive the tunnel is
reduced by 30 percent", This closely approximetes the experimental
values obtained at NOL, The 18 x 18 cm Aerophysics Tunnel No, 3 was
designed to operate continuously on the three pumps available, ¥ith
the improved diffuser this continuous operation can very easily be
obtained using only two pumps., Another comparison is made in Figure
13 between NOL data and the work described in reference (b) where

!

efficiency is given by Yz =] - 2 —15— (fé) V.~ || . It can be
”" M, Pa

seen from the values listed that the NOL values slightly exceed the

theoretical optimum values which were obtained with simplifying

assumptions, & third comparison can be made in Figure 13 with the

values of pressure recovery given for one of the original Germen

tunnels from Kochel which is now installed at NOL. The nozzls exit

is 40 x 40 cm and is Zfollowed by a full~open jet. 34.3 cm straight

jet plates are hinged at a point 61.6 cm from the nozzle exit. The

diffuser section is 50 cm wilde. The diffuser consists of a curved

sheet 255 cm long which is deformed during flow by 3 screw jacks,

Since the values of pressure recovery obtained in the 18 x 18 cm,

closed=jet, square tunnel using a straight-line diffuser are nearly

double the walues obtained in the 40 x 40 cm tunnel the design of

future wind tunnels is strongly indicated, This fact was discussed

in reference (c).

APPLICATION OF DATA

8. The information now available meces it possible to design
a simple yet efficient diffuser for a supersonic wind tunnel geometrically
similar to the NOL 18 x 18 em Aerophysics Tunnel #3 and operating within
the Mach number range tested., Figure 14 shows a proposed design for
such a diffuser. It could be made of wood, rubber, and a few commercially
available metel pieces for a very small fraction of the cost of present,
less efficient diffusers.

FUIURE PLANS

9. The data already obtained will be supplemented with similar
tests at M 1,86 and M 4.82., The effect of producing two or more obligue
shocks upstream of the diffuser throat by proper wall configurations will
also be investigated,
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(a) Neumann, E. P. and Lustwerk, F., “Supersonic Diffusers

(b)

(e)

for Wind Tunnels®, Jourpal of Applied Jdachanics, June,
195-202 (1949).

Ferri, Antonio, o
Flows. New York: Macmillen (1949).

Kurzweg, H. H, "A Few Aspects of Future Supersonic
Wind-Tunnel Design and Test Techniques"”, m_p_ga_i_gg__?g_
Sxperineptal Gonpressible Plow, NOLR 1133, 103-119 (1949).
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I n
NOL (M 2.48)  {(12,83)
(kxperimental values with
veriable-area diffuser) ST 120
E MIT
f (Best stable, experimenial
values with corstant-
3 geometry diffuser) o 72 A
3 MIT
3 (Couputed maximum for
conste ~t-geometry difiuser--
: ugin _ne-dinensiongl analysis) 218 2706
(2,48) (28
1 NOL
(Experimen il values with
é variable~area diffuser, .886 «870
§ Ferrl in reference (b)
{Theoretical optimum obtained
by simplifying assumptions) .68 «865
Ferri in reference (b)
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pormal shock at the M in front
of the aiffuser) $825 480
B/ P
Pp / Pp
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NCL
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doe 1) e 23 2717
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Fige 13 = COMPARISON OF DIFFUSER EFFICIENCIES
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